Charge resolved average integrated kinetic energy of ions from plasmas produced from, monoatomic targets of copper and tungsten as well as binary targets of copper and tungsten, with two different stoichiometric compositions, have been obtained using 130 mJ -5 ns Nd:YAG laser pulse, at a focal intensity of about 8 x 10 9 W/cm 2 . It is concluded that ionacceleration due to built-in electrostatic potential is not significant and the kinetic energy spectra are determined by the recombination during the plasma expansion. On the basis of the numerical results obtained from Monte-Carlo simulation, a significant energy-transfer from the lighter to the heavier ions seems reasonable in the case of binary targets.
Introduction
Knowledge of average kinetic energy distribution among different ionization state plays an important role in the theoretical understanding and practical application of laser ablation process. Above all results from compound targets are closely related to many practical applications in the field of material synthesis techniques. Detailed data which include efficiency of energy coupling to the plasma and partition of the laser energy into different channels would allow for a straightforward optimization of e.g. applications like PLD. In this contribution we present for the first time detailed comparative measurements of average kinetic energy of different ionization states from a binary target and its single components.
Experimental set-up
The plasma is created by a Nd-YAG Q-switch pulse (E L = 130mJ, τ = 5ns and λ = 1.06µm) incident at a fixed angle of -45° onto flat targets inside a vacuum chamber. The ablation Results and discussion Figure 1 shows time-of-flight spectra of ions from the compound system WCu8020. One observes that for both atoms W and Cu the velocities increase with the charge state. lower charges due to strong (~T -9/2 ) dependence of the three body recombination on temperature and for higher charged ions due to the Z 3 dependence upon the ion charges. In more recent theoretical investigations [2] it could be shown, indeed, that in the case of collision dominated plasmas solely the recombination model is able to explain all findings observed in differential ions measurements away from the focal range [3] . The situation in the present case of a binary plasma the collision frequency is similar to that in corresponding monoatomic plasmas (10 12 -10 14 /s). Therefore we assume that the observed velocity distribution have to be interpreted in terms of recombination and ionization processes as well.
In figure 2 we have depicted average kinetic energies of copper and tungsten ions for monoatomic as well as for binary targets, respectively. For monoatomics W and Cu data are for charge states 1 to 4, in the case of the two different compounds of stoichiometric compositions WCu60/40 and WCu80/20, we could resolve three charge states for Cu and two for W, respectively. Angular integration is over the complete half-space. In the case of binary targets, apart from general mass effect it is useful to draw the attention to the works of Urbassek and Sibold [4] . They have considered the pulsed laser desorption of neutral particles from binary targets using Monte-Carlo simulation. They observed that the energy is transferred from the lighter to the heavier particles and that the lighter species is desorbed with a higher velocity than that of the heavier ones, but accelerates the latter and focuses it towards the target-normal. However, the mean-energy of the heavier species is always higher than that of the lighter ones. Though they have performed the simulation for neutral particles, the interaction and energy transfer between two species in a binary target seems appropriate for our situation also, as the plasma contains more than 90% of neutrals.
Conclusion
In compound systems, higher kinetic energies of higher charged ions can be well described by recombination mechanism as in monoatomics.
The results indicate that the energy-transfer among light and heavy particles in a binary target seems appropriate in agreement with Monte-Carlo simulation.
